A 66-year-old man was found to have a 4 cm mass in the distal transverse colon that was biopsied on a diagnostic colonoscopy performed for occult anemia. Pathology showed incomplete removal of a tubulovillous adenoma with high-grade dysplasia. The patient underwent surgical resection, with final pathology demonstrating two 5 mm foci of large cell neuroendocrine carcinoma (LCNEC) within a background of tubulovillous adenoma, and 1 of 8 positive lymph nodes. Poorly-differentiated neuroendocrine tumors (NET) are termed neuroendocrine carcinoma (NEC), and are extremely rare. Colorectal LCNEC have been identified in synchronicity or association with adenomas and adenocarcinomas (AC). There are several theories that attempt to explain the pathogenesis of colorectal tumors with concurrent neuroendocrine and adenomatous pathology: (1) mixed tumors are a neuroendocrine phenotype of dedifferentiated adenocarcinoma; (2) these tumors originate from a common multipotent stem cell then simultaneously differentiate into glandular or neuroendocrine lineages; or, (3) a common genetic alteration predisposes an individual to the development of both tumor types. More work is needed to delineate the true pathogenesis of colorectal tumors with concurrent neuroendocrine and adenomatous pathology. There are no agreed-upon management guidelines for colorectal NEC, although given its highly aggressive nature, standard oncologic resection and adjuvant platinum-based chemotherapy are generally recommended for patients with resectable disease.
mm foci of large cell neuroendocrine carcinoma (LCNEC) within a background of tubulovillous adenoma ( fig. 1) . The LCNEC was poorly-differentiated (G3) with invasion into the submucosa (T1) and 1 of 8 lymph nodes were involved(N1). Lymphovascular invasion was present. Preoperative imaging was not available; however, a post-operative staging CT did not show any evidence of metastatic disease. The patient was discussed at multidisciplinary tumor board. Given his pathology, he was taken back for the purposes of formal oncologic resection and increasing lymph node yield. Seven additional nodes were removed, all negative for malignancy. Adjuvant chemotherapy with cisplatin and etoposide was initiated six weeks after his second operation, and he ultimately completed 5 out of 6 cycles. He was advised to continue close follow-up for the first 3 years. Recommended surveillance consisted of history and physical examination every 3-6 months, annual CT imaging of the chest, abdomen, and pelvis, and trending of serum chromogranin A levels. His initial annual postoperative surveillance colonoscopy was unremarkable and demonstrated a patent colo-colonic anastomosis.
DISCUSSION DISCUSSION
Neuroendocrine tumors (NET) are a heterogenous group of neoplasms arising from neuroectodermal cells. The World Health Organization (WHO) divides NET into well-and poorly-differentiated classifications. Well-differentiated NET include low-and mid-grade (G1 and G2) tumors, whereas poorly-differentiated NET (high-grade, or G3) are termed neuroendocrine carcinoma (NEC) (1) . There are small cell (SCNEC) and large cell (LCNEC) types.The incidence of NET is rare, with roughly 5 cases per 100,000 in the general population. NET in the gastrointestinal tract account for 2% of GI malignancies, with the majority being well-to moderately-differentiated (2) . NEC are extremely rare and represent less than 1% of all colorectal malignancies (3) . Vascular, lymphatic, and perineural invasion, as well as lymph node metastases, are often found at diagnosis. In the case of metastatic disease associated with NEC, platinumbased chemotherapy is generally indicated (4) . The majority of metastases occur to the liver and lungs, however, there have been reports of LCNEC presenting with peritoneal carcinomatosis (5) . Generally, most NET have a better prognosis than conventional adenocarcinomas, however, colorectal NEC is a highly-malignant subgroup with a very poor prognosis (median survival 4-16 months and 5-year overall survival of 15-20%) (6, 8) . The treatment of choice remains formal oncologic surgical resection for all suitable patients.
Although extremely rare, colorectal LCNEC have been identified in synchronicity or association with adenomas and adenocarcinomas (AC) of the colon, rectum, and throughout the GI tract (7-10). The first classification system for tumors composed of both AC and NET was proposed in 1987 by Lewin in which neoplasms were divided into three categories: combined, collision, and amphicrine tumors. Combined and collision neoplasms consist of distinct components, either being intimately intermingled, or having separable components, respectively. Amphicrine lesions are those with cells having a mixed AC/NET phenotype (21) . A review of the current literature shows that this is an exceedingly rare phenomenon and most reported incidences are case reports (table 1) . There are several theories that attempt to explain the pathogenesis of colorectal tumors with concurrent neuroendocrine and adenomatous pathology: 1) Mixed tumors are a neuroendocrine phenotype of dedifferentiated adenocarcinoma (11); 2) These tumors originate from a common multipotent stem cell, then simultaneously differentiate into glandular or neuroendocrine lineages (7); or 3) A common genetic alteration predisposes an individual to the development of both tumor types (8) . With an agreed upon pathogenesis, the treatment modality of these tumors may be better elucidated. The two hypotheses that seem to have the most validity are the dedifferentiation and stem cell theories.
The dedifferentiation theory surmises that the neuroendocrine component of the tumor is further along the pathway of cell regression than the adenomatous component. Dedifferentiation is a biological phenomenon in which cells regress from a specialized function to a simpler state (18) . The crux of the argument for dedifferentiation is that poorly differentiated areas of colorectal AC can also stain positively for synaptophysin. In 20 cases of colorectal AC with high-grade poorly-differentiated cell clusters, Gurzu et al. reported that all AC expressed synaptophysin, but were negative for chromogranin (12) . Further supporting this hypothesis, CD133 expression, a marker of cancer stem cells, has been found in varying amounts within different GI malignancies; including NET, NEC, AC, and in mixed adenoneuroendocrine carcinoma (MANEC) (13) . MANEC tumors, recently characterized by the WHO in 2010, are composite neoplasms containing areas of adenocarcinoma or squamous cell carcinoma integrated with NEC or NET (with each component forming at least 30% of the neoplasm). When comparing the proportion of neoplasms with CD133 positivity, MANEC and AC were found to have the highest expression (64% and 47% of tumors, respectively), whereas NET and NEC less frequently expressed CD113 (30% and 26%, respectively) (13) . From this data, it can be deduced that the neuroendocrine component of mixed tumors is likely a dedifferentiated area of AC with altered phenotype.
On the other hand, several interesting case reports of colorectal collision tumors help support the stem cell theory. A collision tumor consists of two neoplasms in close connection with one another, but are not admixed, and each component is suspected to have its own origin (11) . Two cases detail colonic AC and NEC collision tumors that metastasized to lymph nodes as mixed glandular and neuroendocrine neoplasms (14, 15) . Another case describes a collision tumor in the transverse colon that was removed and subsequently presented 3 years later as a retroperitoneal metastasis with equal parts NEC and AC (7) . Together, these help to refute a double primary malignancy theory in favor of a common stem cell precursor.
It seems more evidence supports the hypothesis in which multipotent stem cells display bidirectional differentiation into AC and NEC neoplasms. A study by Kim et al. regarding genome wide loss of heterozygosity (LOH) of eight mixed glandular-neuroendocrine gastric carcinomas showed that one combined tumor (intermixed components), and 5 neuroendocrine-dominant carcinomas shared a primary LOH (16) . LOH refers to a genetic mutation in which one copy of a normal gene is lost. This frequently leads to the development of cancer, especially if the gene lost is a tumor suppressor. When NEC and an adenoma or AC share identical LOH mutations, it points to their development and differentiation from a common stem cell. In a study of combined tumor genetics, Huang et al. report that a NEC and a tubulovillous adenoma not only shared multiple LOH mutations at identical chromosomal loci, but also had k-ras mutations (17) . Vortmeyer et al. studied LOH mutations of APC, DCC, and p53 genes in 2 cases of pure NEC and 7 cases of NEC associated with colonic adenoma or AC, and report similar findings among the two cell types. Additionally, when there was retention of heterozygosity in the APC gene of one neoplastic component, it was retained in the other as well (18) . Therefore, it seems NEC and AC develop from a common precursor stem cell, at which point different carcinogenic factors influence the phenotype of each neoplasm.
Additional support of the stem cell theory comes from the fact that MANEC neoplasms contain amphicrine cells. Amphicrine cells are of endodermal origin, have been found in regular and dysplastic tissues, and have been shown to contain both neuroendocrine secretory granules and mucin droplets (19) . Amphicrine carcinomas of the stomach have been shown to be of multivalent stem cell origin. A recent case report confirmed the first amphicrine carcinoma of the small bowel, further supporting the presence of gastrointestinal multipotent stem cells (20) . Amphicrine cells have been identified in both components of MANEC tumors (19) . This reveals a close genetic relationship between NEC and AC, and a plausible development from a stem cell precursor. As more data regarding these tumors is accrued, whichever hypothesis is validated will lead to better treatment and management of these aggressive neoplasms.
CONCLUSION CONCLUSION
When rare pathology is encountered, a review of the current literature can be helpful to guideline clinical decision making. Our patient presented after incomplete endoscopic excision of a tubulovillous adenoma with high-grade dysplasia in the transverse colon. On final pathology after segmental resection, he was found to have two 5 mm foci of LCNEC arising from the adenoma, with lymph node metastasis (1 of 8 lymph nodes). This unexpected pathology motivated the surgeon to re-resect to negative proximal and distal margins, and harvest additional lymph nodes, all of which were negative for tumor metastasis. This case stresses the importance of careful preoperative planning for a presumed pre-malignant mass, inclusive of tumor markers, staging CT, and formal oncologic resection. If the patient had undergone an oncologic resection during the index operation, any surprises on final pathology would have been appropriately treated in a multidisciplinary fashion without further delay in initiating definitive adjuvant therapy. Despite this, our patient was able to complete 5 of 6 cycles of adjuvant platinum-based chemotherapy and remains diseasefree one year after his diagnosis of LCNEC of the colon. His surveillance involves close clinical follow-up, including history and physical exam every 3-6 months, annual CT imaging, and serum chromogranin A levels for the first 3 years and annually thereafter. His one-year post-operative surveillance colonoscopy was unremarkable.
More work is needed to delineate the true pathogenesis of colorectal tumors with concurrent neuroendocrine and adenomatous pathology. There are no agreed-upon management guidelines for colorectal NEC, although given its highly aggressive nature, standard oncologic resection and adjuvant chemotherapy are generally recommended for patients with resectable disease.
